Biological Wastewater Treatment

Activated Sludge.
Bacterial population dynamics were followed with DGGE during the startup of a SBR with the specific goal to accumulate and produce polyhydroxyalkanoates (PHAs) from activated sludge. The PHA storage capabilities from the enriched microbial biomass was about 20 times faster and the PHA content was about 4 times higher than that of the inoculated activated sludge. The process selected for
Thauera, Candidatus Meganema perideroedes, and
Flavobacterium (Majone et al. 2006) . In another study on PHA storage, three main morphotypes were identified (by (Wilen et al. 2006) . DGGE shows that model-based optimization of a nutrient removing SBR causes changes at the microbial community level (Sin et al. 2006) . A functional genomics study was performed with an Escherichia coli antisense genomic microarray to study the effect of limiting phosphorus (P) in activated sludge. Several genes associated with cell structure, including slt, wbbH, fimH, amB, rfaJ and slp, and quorum sensing, including psiF, were found to be expressed during P starvation . Random amplified polymorphic DNA (RAPD) analysis was used to compare and cluster enterococci and related bacteria in a study on antibiotic resistance from wastewater treatment plants in Portugal (da Silva et al. 2006) . Succession of the microbial community in a decentralized, closed-loop activated sludge system was monitored with t-RFLP and a 16S rRNA gene sequencing survey. The microbial community structure changed considerably during startup, but then became stable after the start of nitrification and denitrification (Hoshino et al. 2006) . Quantitative RT-PCR was used to track sulfate-reducing bacteria and sulfideoxidizing denitrifying bacteria in wastewater, when nitrate was added to prevent sulfide production (García de Lomas et al. 2006) . Results indicated that nitrate addition prevents sulfide production by selecting for the nitratereducing, sulfide-oxidizing bacterium Thiomicrospira denitrificans, rather than by directly inhibiting the SRB community. The spatial and temporal microbial diversity of a pilot-scale submerged biofilter for wastewater treatment was analyzed by temperature-gradient gel electrophoresis (TGGE) based on the 16S rRNA gene (Gomez-Villalba et al. 2006) . TGGE profiles showed stable community composition along the column system and over time.
Community-profiling based on the ammonia monooxygenase (amoA) and nitrous oxide reductase (nosZ) genes demonstrated that ammonia-oxidizing and denitrifying bacteria coexisted in anoxic and aerated zones. for several months were analyzed using 16S rRNA genetargeted PCR-DGGE (Lozada et al. 2006) . Real-time PCR and FISH were also used to confirm the identity of dominant organisms.
Nitrogen Removal.
The microbial population of an autotrophic denitrification process in an activated sludge reactor with sulfide as the electron donor was studied by using FISH (Manconi et al. 2006 ). Quantitative FISH with rRNA-targeted probes, confocal laser scanning microscopy, and digital image analysis showed that Nitrospira-like bacteria, which were affiliated with the phylogenetic sublineages I or II of the genus Nitrospira, responded differently to changes in nitrite concentrations (Daims et al. 2006) . FISH was used to evaluate bioaugmentation of nitrification (Krhutkovi et al. 2006 ). Quantification of ammonia-oxidizing bacteria (AOB) populations in 12 full-scale sewage activated sludge systems was the overall objective of a study in Japan. First the important AOB were identified with DGGE, and then primers pairs for four AOB were developed to perform quantitative PCR. Results showed that despite differences between the 12 plants, one of the identified sequence types of Nitrosomonas oligotropha cluster was the dominant AOB in every system ).
Restriction endonucleases were used to digest PCRamplified ammonia monooxygenase subunit A (amoA) genes in monthly samples from three different activated sludge reactor trains. The diversity and composition based on banding patterns stabilized by the fourth month of operation and then did not vary subsequently (Smith and Oerther 2006) . The structure of bacterial communities in nitrifying trickling filters was assessed using FISH on cryosectioned biofilm (Lydmark et al. 2006) . Vertical partitioning of two distinct populations of Nitrosomonas oligotropha was observed, with also some stratification of N. communis and N. europaea. FISH, CARD-FISH, and 16S rRNA gene sequencing surveys were applied to follow the evolution of the microbial composition and structure of granular sludge in autotrophic denitrifying bioreactors fed with nitrate and thiosulfate (Fernandez et al. 2006 (Otawa et al. 2006) . Seasonal dynamics in the community composition were observed.
Denitrification under high-salinity conditions was investigated using T-RFLP on the 16S rRNA genes . A continuous experiment showed that denitrification performance and microbial diversity at 10% salinity was higher than that at 1% salinity. (Hallin et al. 2006 ). Different populations were detected when the external carbon sources were added to enhanced denitrification. Methanol appeared to increase the diversity of nirS-type denitrifiers. nirK communities were also more stable than nirS communities. These differences could not be linked to any process performance parameters.
Fluorescence in situ hybridization analysis was used to detect and count anammox bacteria cells in anammox sludge (Isaka et al. 2006) . The doubling time of anammox bacteria was calculated as 1.8 days, and the specific growth rate (mu) was 0.39 day(-1). This result indicates that the anammox bacteria have higher growth rate than previously reported. Quantitative FISH analyses was used to detect
Nitrobacter species and genus Nitrospira in a continuous biofilm airlift reactor (CBAR) maintained with low nitrite concentration and a sequencing batch reactor (SBR) kept in a relatively high nitrite concentration .
The results confirm the hypothesis that Nitrospira are Kstrategists and can exploit low amounts of nitrite more efficiently than Nitrobacter. In contrast, Nitrobacter species are r-strategists that can grow faster than
Nitrospira. The effect of salinity on the composition of nitrifiers was evaluated using FISH. Nitrosomonas europaea and Nitrobacter sp. were found to be the only nitrifiers present at high salt levels (Moussa et al. 2006) . FISH analysis was applied to monitor the abundance of Nitrosomonas europaea. (Vel M. Vadivelu 2006) . Novel ammonia-oxidizing archaea were detected in nitrifying activated sludge using PCR primers specific for the archaeal amoA gene . In one treatment plant, only the archaeal amoA could be amplified, and not the bacterial amoA. These sequences were closely related to archaeal amoA genes previously retrieved from soil and sediments, in which these organisms were recently discovered.
Phosphorus removal.
In a landmark example of the power of molecular techniques for the analysis of uncultured organisms, the (Larsen et al. 2006 ). FISH-MAR was used to tests PAO and GAO models for full-scale EBPR plants and these models were found to be applicable even though they were derived from lab-scale work (Tykesson et al. 2006 ).
An update on a metagenomic study on biomass enriched in
PAOs from an activated sludge system was given. In addition, FISH for "Candidatus Accumulibacter 
Filamentous Microorganisms.
FISH-MAR was used to study the uptake of several hydrophilic and hydrophobic substrates by Gordonia amarae in situ. G. amarae could assimilate a range of both hydrophilic and hydrophobic substrates under aerobic, anaerobic and anoxic condition (NO 2 and NO 3 ) for some substrates. Thus, control of this filamentous organism by denying oxygen may not be effective ).
The same technique showed that the actinobacterial bulking and foaming filamentous bacterium "Nostocoida limicola"
II did not prefer hydrophobic substrates and evidence was produced that it is metabolically active under anaerobic conditions in situ ). immobilized sludge was studied for fermentative H 2 production from sucrose . DGGE analyses showed that decreasing HRT resulted in a decrease in bacterial population diversity. The culture with the best H 2 production performance was dominated by Clostridium pasteurianum. Hyper-thermophilic hydrogen production was demonstrated in a granular UASB fed with glucose (Kotsopoulos et al. 2006 ). Granules were analyzed by using FISH probes for all bacteria and methanogenic bacteria.
BES addition during start-up prevented the establishment of methanogenic cultures in granules. This study indicated the UASB system was a promising system for hydrogen production. Granule formation in UASB reactors was studied by FISH and granule size measurements (Peu et al.) . The bacterial community was found to be very dynamic during the first two weeks of anaerobic storage but was then stable thereafter. In contrast the archaeal community changed more slowly and consistently during the study period.
Microbial Fuel Cells.
Members of the family Enterobacteriaceae, such as 
1122
FISH was also used to confirm the presence of these organisms and their contribution to ammonia oxidation and nitrite oxidation was inferred from chemical data.
Water/Public Health
Pathogens.
FISH was applied to study Campylobacteria jejuni in a drinking water biofilm. By culture methods, C. jejuni was detectable for only 1 day after spiking, whereas these bacteria were found in biofilms for at least 1 week after spiking when FISH was used (Lehtola et al. 2006) . Several Indicator Organisms.
The temporal and spatial distribution of Bacteroides in
Tillamook Bay (Oregon) and along five river tributaries was investigated using source-specific PCR primers targeting 16S rRNA genes and allowing discrimination between human and ruminant sources ). The F-RNA genotyping study was qualitative and focused on determining which groups of F-RNA phages were present in different wastewater and environmental samples.
The results were in agreement with earlier reports on the specificity of F-RNA phage Genotypes 1 and 4 for animal wastes, and Genotypes 2 and 3 for human excreta (Sundram et al. 2006 ). In another study by (Sundram et al. 2006 ), they applied F-RNA coliphages and fecal sterols to distinction between human and animal excreta. The results of this study confirmed earlier reports on the specificity of were used to identify 15 genetic markers for source tracking (Soule et al. 2006) . Most of these markers could be used to distinguish among Enterococcus spp. Eight of these markers were highly specific to cattle, humans, or elk/deer.
However, the prevalence of host-specific markers among isolates obtained from a particular host varied widely, making quantitative source tracking calculations difficult.
A rapid quantitative reverse transcriptase real time PCR assay was developed for enteroviruses, which included a competitive internal positive control to assess reaction inhibition (Gregory et al. 2006) . The authors promote it as a fast, reliable, specific, and high-throughput way to detect enteroviruses in water samples. It could detect as few as 25 enteroviral genomes in a sample.
Other Organisms.
The persistence of extracellular plasmid and plant DNA in water microcosms was monitored using real time q-PCR. It was found that both plasmid DNA and plant DNA was degraded in the intact and/or filter-sterilized water treatments. However, they persisted in the autoclaved treatment throughout the entire incubation period (Zhu 2006 ).
Bioremediation/Soils/Sediments
Petroleum Remediation.
The biodiversity of a consortium of hexane degrading bacteria in a liquid biofilter was analyzed using a 16S
rRNA-based approach. Significant differences between the populations were observed, indicating a probable (Brodie et al. 2006) . The results were consistent with those generated using PCR-based clone libraries. Importantly, the metal-reducing members of the Geobacteraceae remained detectable even when the U(IV) was reoxidized.
Natural Environments
DGGE was used to study the effect of DOM concentration on microbial community structure (Docherty et al. 2006) .
Results suggest that the roles of aerobic aquatic heterotrophic bacteria in carbon cycling may be more complex than is conventionally recognized. The structure of ammonia oxidizing bacterial communities in sediments of a coastal marine canal receiving wastewater treatment plant effluent was investigated using PCR amplification of 16S rRNA genes and amoA genes (Urakawa et al. 2006 ). mcyA genes. Similarly, mcyE genes were amplified using PCR to study the structure of cyanobacaterial communities in Finnish lakes (Rantala et al. 2006) . In contrast to the Lake Erie study using mcyA, their results suggested cooccurrence of potentially toxin producing genera.
Development of New Methods
A combined protocol of was developed where PCR products from environmental DNA were cloned, and then subjected to DGGE to screen the clone libraries (Burr et al. 2006) . Individual clones and pools of randomly selected clones were analyzed by DGGE. This clone/DGGE protocol was tested for two environmental samples. Rapid analysis of the microbial diversity was obtained, but provided a limited representation of the diversity. A review of specific applications of microarrays to microbial ecology research was carried out . Microarray technology has the unparalleled potential to simultaneously determine the dynamics and/or activities of most microbial populations in complex environments such as soils and sediments. Liebich and co-workers published a short report on improved design criteria for oligonucleotide probe design, for functional gene microarrays to be used in environmental applications (Liebich et al. 2006) . They suggest considering simultaneously the percent similarity, the length of identical sequence stretches, and the binding free energy in order to predict probe specificity. A strategy for improving FISH by making all sites in the 16S rRNA molecule accessible to hybridization with oligonucleotides was published based on work conducted with the model organism E. coli (Yilmaz et al. 2006 ). The researchers found that a theoretical thermodynamic model could be used to predict target site accessibility and that all sites previously considered to be inaccessible could be detected by addressing thermodynamic and kinetic barriers. Low Functional ANOVA was shown to resolve differences between most perfect-match and single mismatch probe sets, providing for much greater resolution of microbial communities than could not be achieved by using either differences in signal intensity or T d . (Gresham et al. 2006) devised a system to detect all single-nucleotide differences between genomes with the use of data from a single hybridization to a whole-genome DNA microarray. This allowed elucidation of the genetic basis of phenotypic variants and to identify the small number of single-base pair changes accumulated during experimental evolution. 
